Acetobacter diazotrophicus isolates that originated from different sugarcane cultivars growing in diverse geographic regions of Mexico and Brazil were shown to have limited genetic diversity. Measurements of polymorphism in the electrophoretic mobilities of metabolic enzymes revealed that the mean genetic diversity per enzyme locus (among the four electrophoretic types distinguished) was 0.064. The results of the genetic analysis indicate that the genetic structure of A. diazotrophicus is clonal, with one largely predominant clone. Plasmids were present in 20 of 24 isolates, and the molecular sizes of the plasmids ranged from 2.0 to 170 kb. Two plasmids (a 20-to 24-kb plasmid detected in all 20 plasmid-containing isolates and a 170-kb plasmid observed in 14 isolates) were highly conserved among the isolates examined. Regardless of the presence of plasmids, all of the isolates shared a common pattern of nif structural gene organization on the chromosome.
Acetobacter diazotrophicus isolates that originated from different sugarcane cultivars growing in diverse geographic regions of Mexico and Brazil were shown to have limited genetic diversity. Measurements of polymorphism in the electrophoretic mobilities of metabolic enzymes revealed that the mean genetic diversity per enzyme locus (among the four electrophoretic types distinguished) was 0.064. The results of the genetic analysis indicate that the genetic structure of A. diazotrophicus is clonal, with one largely predominant clone. Plasmids were present in 20 of 24 isolates, and the molecular sizes of the plasmids ranged from 2.0 to 170 kb. Two plasmids (a 20-to 24-kb plasmid detected in all 20 plasmid-containing isolates and a 170-kb plasmid observed in 14 isolates) were highly conserved among the isolates examined. Regardless of the presence of plasmids, all of the isolates shared a common pattern of nif structural gene organization on the chromosome.
Considerable variability exists within individual soil bacterial species, including members of the genera Azospirillum (10, 28) , Bacillus (21) , Bradyrhizobium (33, 41) , and Rhizobium (12, 27 ). An analysis of the genetic structures of populations, as estimated by allele frequencies and multilocus genotypes, revealed high levels of genetic diversity in Rhizobium leguminosarum biovar phaseoli (27) and in the soil bacterium Pseudomonas cepacia. In Pseudomonas cepacia the diversity was correlated with soil environment variability (22) . The levels of genetic diversity in species of bacteria may be related to habitat. Less variability has been observed in Escherichia coli (38) , Haemophilus influenzae (23) , Yersinia ruckeri (32) , and Pasteurella piscicida (18) , bacteria that predominantly or exclusively live under constant conditions inside organisms.
Over the last few years there has been great interest in plant-associated bacteria. Research to improve crop responses has emphasized the study of nitrogen-fixing bacteria indigenous to the rhizosphere, but little is known about nonrhizosphere nitrogen-fixing bacterial populations associated with plants. Recently, Acetobacter diazotrophicus, an N2-fixing bacterium, has been isolated from sugarcane roots and stems (5, 13, 16) . This species has also been recovered from both Pennisetum purpureum cv. Cameroon and sweet potato (8) , as well as from different genera of mealybugs associated with sugarcane plants (1) . In this paper we report that there is limited genetic diversity among isolates of A. diazotrophicus recovered from sugarcane plants growing in diverse geographic regions of Mexico and Brazil, and we also show that this species harbors highly conserved small and large plasmids.
MATERIALS AND METHODS
Bacterial strains. The strains of A. diazotrophicus which we used were isolated from the inside tissues of stems or roots of sugarcane plants cultivated in diverse geographic regions of Mexico (13 (25) . The incubation temperature used was 29°C, and the cultures were shaken at 200 rpm.
Multilocus enzyme electrophoresis. Cultures grown for 36 h in 40 ml of SYP medium were harvested by centrifugation at 12,300 x g for 10 min at 4°C, and the resulting preparations were suspended in 0.3 ml of 10 mM MgSO4-7H20 containing 300 pg of lysozyme and incubated for 10 min at room temperature. Each suspension was frozen at -70°C for 15 min and defrosted; then the process was repeated. Lysates were stored at -70°C.
The procedures used for starch gel electrophoresis and selective staining of enzymes have been described previously by Selander et al. (37) . The following 11 metabolic enzyme activities were assayed: alcohol dehydrogenase, malate dehydrogenase, xanthine dehydrogenase, lysine dehydrogenase, leucine dehydrogenase, isocitrate dehydrogenase, indophenol oxidase (superoxide dismutase), glucose-6-phosphate dehydrogenase, phosphoglucomutase, hexokinase, and esterases. The buffer system used was Tris-citrate (pH 8.0). The electrophoretic mobility of each enzyme was determined three times. Distinctive combinations of alleles for the 11 enzyme loci (multilocus genotypes) were designated different electrophoretic types (ETs) (37) . The ET was determined for each isolate. The level of genetic diversity for each enzyme locus was calculated as described previously (37) .
Total-DNA isolation and DNA restriction. Total DNA was isolated as described previously (2) . DNA (29) . 32P-labelled probes were prepared by nick translation (31) , and the DNA-DNA hybridization procedure was performed as described previously (20 (Table 2) . Fourteen isolates harbored two common, highly conserved plasmids, as revealed by agarose gel electrophoresis and hybridization assays, a large 170-kb plasmid (pAdl70) and a smaller 20-to 24-kb plasmid (pAd24) (Fig. 2) . Isolates UAP 5665 and UAP 8070, which were obtained from different locations and sugarcane cultivars, contained a 93-kb plasmid (pAd93) and did not contain pAdl70. Plasmid pAd93 was shown to be homologous to pAdl7O by hybridization assays (Fig. 2) . These two isolates also harbored a small (ca. 2.0-kb) plasmid in addition to pAd24 (Fig. 3) . Four isolates contained only pAd24, and one of these isolates also contained a 5.5-kb plasmid (pAdS). Four isolates, including type strain PAl 5 ofA. diazotrophicus, did not contain any plasmids (Fig. 2) . The absence of pAd24, pAd93, and pAdl70 was corroborated by the lack of hybridization of DNA fingerprints when we used total DNAs from plasmidless isolates digested with EcoRI and hybridized with purified 24-and 170-kb plasmids from Brazilian strain PR 2 (data not shown).
nifHDK patterns. Total EcoRI DNA digests from A. diazotrophicus isolates were hybridized to R etli nifHDK genes. Three common hybridizing bands (9.0, 2.0, and 1.25 kb) were found in all of the isolates examined (Fig. 4) . Blots of Hirsch type gels were also hybridized to nifHDK genes, and the lack of hybridization signals corresponding to the plasmids was interpreted to indicate that nitrogen fixation genes were located on the chromosome (data not shown). diazotrophicus PA] 5T, UAP 7307, UAP 5665, PR 2, PPe4, UAP 5560, and UAP 7210, respectively; lanes 9, E. coli GO 102 harboring pFH101 (7.7 kb); lanes 10, E. coli HB101 and S17 harboring plasmids pRK 2013 (48 kb) and pC131 (17 kb), respectively, used as markers.
DISCUSSION
In this paper we describe an analysis of the ETs, the DNA fingerprint patterns, and the plasmid profiles of different A. diazotrophicus strains. The genetic diversity among the A. diazotrophicus isolates which we studied was limited. The results of a multilocus enzyme electrophoresis analysis performed to assess variation in 11 metabolic enzyme loci indicated that these isolates are homogeneous in their chromosomal structural genes and revealed levels of genetic diversity that are among the lowest levels that have been reported for bacterial species. The limited genetic variability among isolates (23, 32, 35, 39) .
It has been suggested that ecological factors and host specialization contribute to the species diversity of the genus Legionella (39) . Also, it has been shown that genetic diversity among isolates of Pseudomonas cepacia is related to environmental variability in soils (22) . Considering these data, we think that the limited genetic diversity of the modern commercial sugarcane varieties (17) The existence of plasmidless strains (e.g., strain PA] 5T) may indicate that fundamental phenotypic characteristics of this species, such as the production of acetic acid, overoxidation of ethanol (the main characteristic that differentiates the genus Acetobacter), the use of other carbon substrates, nitrogen fixation, and indoleacetic acid production are not plasmid encoded. In fact, because all of the isolates exhibited activity for all 11 metabolic enzymes tested, we believe that the corresponding structural genes are located on the chromosome. In addition, we have shown that the nif genes are chromosomally located. Nevertheless, plasmids may confer some advantage on strains that harbor them, as the majority of isolates contain highly conserved plasmids. Plasmids do play a role in other bacterium-plant or bacterium-insect interactions (3, 6, 7, 19, 24, 30) , and we speculate that the A. diazotrophicus plasmids could contribute to the fitness of A. diazotrophicussugarcane or A. diazotrophicus-mealybug associations.
To test the hypothesis that the degree of genetic diversity within a bacterial species is related to habitat, it would be interesting to determine if a limited genetic diversity as we have described for A. diazotrophicus is a general characteristic of endophytic bacterial populations.
